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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce dielectric loss, transformer 
loss, and the like and downsize a shape by directly coupling the 
output portion of an inverter circuit and the input portion of a cold 
cathode tube. 

SOLUTION: The output voltage VS of an inverter circuit 2 is 
directly applied to a cold cathode tube FL t and the output voltage 
VS depends on tube current- tube voltage characteristics held by 
the tube FL. The output voltage VS is proportional to the output 
voltage Vout of a PWM inverter circuit 1a, a tube current is 
changed by changing the output voltage Vout. Thereby, the 
brightness control of the tube FL can be conducted. A lighting 
maintaining voltage becomes equal to the output voltage VS, and is 
reduced by the voltage portion applied to a ballast capacitor in a 
conventional device. 
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;^l=^^^"i> PWM-f £|5]8&1 <t, PWMf>/< 

/N'—Xaissa <t, -r>/<-'S'[HisS2(7)tii*mffiic c fc 

l£]S83b^» ««3MtttlslIft3 b<Dfflft*E&***E 
«U:ttL-C-e'a>ft«E£ii«r-&KfilM«lBlK4^«|| 

-< >/\*-'S'lHlSS2(0tti*Sffii:^l^«i'B ! F 
ft<l»fi£4lfeJMIft9«Hip[§lftJ: y ^ME««jA4Ttt«A<« 
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*E£0S*E**W*-«llS«aiBIBfr&*Jft£ti« 

ft»a*j»iaB«fcy<i:«*»««jaiT««i-fe^T. m 

[W*ffl2] ffrlBSJElbiaBli* A*0)ltaE«E** 
»aicRMl"r « P WM-f $ 0B^ 664Ct$ft 
*i-r*»*3l 1 IB«0fttta*£4Ttta. 

[»*3I3] lOTE*5£fl:[gBtt. AAOKSKVEtlK 
3SWEKSE»-r *> D C/DCa * IB^bftSu 

t o O O 1 ] 

-r &t,0-e&£ o 

[O O 0 2] 

[&3fc0&ffi] «*0)«lfta«ja[<TttBa>«IA*B3« 
(DIEWtD C/D C3 >/<— £ BIB 1 blzArt^tU S 

area d c <Dfimz&*& £ *i* o 

[0003] DC/DC3>/\* — £[°]Bl bCD[HlB4S/$ 
(£ s PNP^h7>vX^ 1 I^Xi^^lil/SllD 

>vx£ 1 i 0K— xiiPWM 1 2 0)UJ*aBi:»<«* 
*u h7>yx^ 1 1(D3U^^li^t-Kl 30* 

*u =j-Oh 6 0teffi[4:3>f >-tM 70-aj§<ttgjt£ 

tl&tt tlCDC/DCzi>/<— $[§1B1 b0£iJ2)3ffi<t 
fty^>f^14, 1 7 <Dffi«B*5«fctf Kl 
307^- KI4«*6£*lTl^. 
[0 0O4] 2 14 >/\*-£ EBT'fcy. -OA-*© 
B2 0[e]BIS/5Jc;(4. f3- <7 =i JU2 O0-4ffil4DC/" 
DC3>/\- £[h]Bi bCDai^JS-r^^^a-f ;n 6 0 

ffi«ttt***L. f 3-<7=l-r;U2 0CDft6agl4»fit2 
1, 2 2<7>-afSfccfctf h : 7>*T0ffiElM#*g2 3, 2 
4 0 — *Bl::a|jt$*lTl,*<5o NPNlh7>vX^25 
0=1 L^*l4=l>7^-*2 7 0-ffljScfctf<gE(IJ«S2 
3 0ft!23S£f£^2*U h7>vX^2 5(D^-XligfA 
2 1 <Dte3Sfccfctf^-X#fcS2 80)-«Bi:tt«l**L. h 
2 5(^15 'V$l4f£ife£;h,Tl^o NPN^ 
h7>vX^260)3 U^^I4=3 >5 r >-»7 % 2 7 0ffeagfc 
«fctf«E«#l»2 4<D<ft«Ht»tt*tL. h7>vX^2 
60^-XI4ffifci2 2<7)ffi2»fccfc^^-X@^2 8 0ft 



at h7>v^^26(DlS7^liSi6$*l 
Tl*«. *LT. SEffitt«2 9a>-ttl4»ttdtlf&AH 
1 4 O / < — * 0 B 2 <D ft * 58 <!: £ 6 0 
[0005] -f *SB2a)ai*ftS-r3S*3%»Eill 

sj£2 c^flsass/^^ : = ^fvv -cBw-ac«s 
-Mt»«**iTfey. *i»a«FLa>ffii4iiitt»ifta?*t 

[0 0 0 6] 3 attVEaUSIB-eftU . SS^tbSB 
3 a0[§]B*8j3cl4. DC/DC3>A- b0iiS 

*ai*«st3 4«>-at«as*t. «tS3 4 0{64si4pf 

*«tS3 5(D-ttttt«**t. i««fii3 5(DffeS(4S 
R3 6 0)-«ttt«**L*ti*lC«E«UliaB3 a0 
tt*«tfty. »fit3 6a)ffe5S(4ffilfe$tL-Cl>*o 
[0 0 0 7] 4l4i8Hita[s)B-Cfey. Hfiii«[ilB4 
0[eJBtSJS;f4. «EttffiBB3 aa>ttS*a»-Tftt>*ipHE 
5(Dffe«l4M»!)li'l"§^4 1 0S$EA2)3iS (-) fc 

^za>fbai4sn4ia«4 i0>uA*?&3b*mMia 

SlB40>tt*tf&8HK$*u MMMM&4 1 0>3EK16A 
( + ) lcttIWE^6«tiiktl4 2 0)iEatflk 

«**taa«a[4 2(Dftatt«»**tr^ft 0 

[ooos] f it, SS4t1SlalB40UJ*ffli(4. DC 

/DCa>/\-^@S6l bflCOPWMI 2(DA^4g<t^ 

[0 0 0 9] *»c. «fe*0;^^a^^*T^®0K)^(co 

l*TH3 £0H*TBi8J-f 4o fi/lSHI;Jf D C(/)A^1EV 
in^DC/DC3>/^- £[UB1 blcBPJ!iD**l*4:. P 
WM 1 2j^&0WH»Sftfc/^l/XaEVpwm lc J: U h ^ 
1 1 A<iILt, h7>vX^ 1 1 0=1 

t/n>T : >^-i 7fc«i:yaata)aj»«Evout 3&<ai** 

[0 0 10] D C/D C=3 £HJB 1 b0aJ*HE 

Vout 14, -f £[h]B205 1 3 — £=i-OU2 OlCcfc 

UfSStl, h^>XT0«E«l]g*a2 3fc£tf 2 40 
-4ffilcEPADS*iS<b:<t tic. h7>yX$2 5fc<ti;2 
60^ — XfC**l-f f *i«tS2 1 . 2 2 LTEPflD£*L 

4. Zfl)^, h7>vX^25 r 2 6I4. «-*0W«i 
Sftft«lM4RBB[BlB0Stt0aai=<):y. 

7J0 h7>vX$ ^ON L. ^0&. C0ONSjf^l4^< 
-^••2 8lc#±-r«B»fi«*<DKlElCcfey. <&h 
^ > £ (Z^SIC^ y Lt8 C 4 o h7>vX^ 2 

5, 2 6(Dif*)b^ONf^(h, *0B 2* 
0<SEffllJ^^2 3, 2 4fc c tt/3>T r >'9-2 7 « if <DIS 
B*0L. ClC^or^SL. El30A-BraiciE3£;^ 
»(D«EA<±i:«. -0<h^. fiElM2 3, 2 40 
-f >f>^2 7 0^r-V/<V^ >X 
ttifOiaB+flOL. ClC<fcyffi*4IE5£«0*fiJl*» 
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v&mmmtmmzft&o fit, XEflg««2 9ic 
©s&2(7)a3^)moEvs ttn&o * [uss 20 a* 

£1*3) I *S36<b*-&, *«E««FL*«ll-r«fc» 

[0 0 1 1 ] tztz—JDV* DC/DC3>/^-^@»1 
b<7)tt!^imi±Vout 14. «Etttb[°]»3 a IC*A** 
*l,*S3 4, 3 6fc<fctfnjfc««3 5lC«fcy#E* 

V, fcft*. «EttWiai&3 atDUAWEV, liSKiii 
BS4 1 tf>S$EA*i5S (-) lcA***u &IMHM4 
KDftStsAftNl ( + ) lcAa**iTl*«»iMEVre 

f <tj±fx^HT. sn««H4 ia>ai»«^6iiS4iNi 

[USS4CDtfc^mi±V 2 *><ai*l£*L. DC/DC3>A- 
£EUSSl b^PWMI 2<&A*«SUA***l6o -f L 



T\ R»t«l5ie&4<DaJA«JIV 2 liPWMI 2|C*JI* 

T/^ux*H«H**u c(D^iia*tttc/\ 0 ;uxmi±vpwni 

-Qy o 

C0012] B3ic^-r»»a»jft«r««icj3L^T, © 
*sk 1 *M»-r * c 1 iz y f l a>m&mm< 

J)D-r&BEVcb££<b$-t*6o WEVcbSfcfl;***^ 
I*. >/*-*[n]S&2(D£ii*iSEVs £SS<b*-tMxfiA 
<. fcfc^mEVs |*D C/DCn £ [HlSS 1 bCDfciS 

^mnvout ictt«-r*fcjo. vout sMwractic 

«fcy*tt««F LI=Hi»-r*«EVcbtwr*CtaW 

[0 0 1 3] DC/DC3>/\- ^ [HlSS 1 b<DthJlWE. 
Vout limi±ei£ii[HlSS3 a P^CDSfit3 4, 3 5, 3 6t' 

[0 0 1 4] 



V, = (3 6/ (3 4 + 3 5 + 3 
V, l*S»ieiB«4 1 (DJfcfcArtaS (-) IzA*)2*l. 

2 tLtPWMI 2icAA**i*o PWM1 2t'lt H 

a«ffi0i»4a>as*«Ev 2 \zfoctz/*)vx&m±Ls 

Vout = ( (34 + 35 + 36) 

< Scfcy, nj*«ta3 5(cxvout (dims, o*y. § 

«3S I *B«5LTfcy . "5J^tgtfc3 5 

■ski -rtt*3t > »aA<±*<y. pr*«st 

3 5 < titiw i r*/hs < -r ttt> 

[0016] *fc, ttdiEa»fr jA«TSIsa>fba> * o> 
tut, ■4i=*-r«k34, ft»a*j»iatt^6a«* 

Mlis latlDC, PWM-OA— S0S&1 a, >f> 
/<-*0B2, /\*7Xha>f^CB, )UiSf F 
U *«9([ttttlsltt3 b£<|:tf« MS4mEW4^6* 

stingo Buizas^-c. lasiz^-riHjisti^cs 

<t IB] Ctfelio PWM^>/\-^0ffil alZOUtli, 
H]3<DDC/DC=i>/*— £[h]SS1 b**&a-OH 6fc 
c):(/^>f>fl 7 £S*yBH>T:£fl2;fi<Z>a*|®EVou 
t *<B*SFtL*«fc5r3«***L. **9Ktttt[BlB3 biz 
B3 0)«Etta3[5l[»3 alC. «E£8L BSK 
fcefctf¥;#£fr5. «R3 1 . ^t-K3 2^^ 

>t ? >-9-3 3A«-t*i-p*ittit3or«fiRsnri^*. 

[0 0 17] &[H3SS^cfcl/aip D p^ff^(i. HIIDC 
^PWM-<>/\-^|fi]Kl alCA^^tl, PWIVK>/< 

-*n»i ao>a*aBA<-f >/<-*n»2a>A*4B4:» 



) ) x Vout ■ ■ ■ -f 

h7>^*1 1SB1L, V, <tVref j&<*L<£4 
ctaizvout *»JWLTl^-5Ci:^&. Vout li< a J: 

[0 0 1 5] 
34) x vref • • m 

F L(D-aS<t»«!*ti. *Bt8fFL0)* 

«n*««siE*aia*3 bo>A*«iiifc««iaF*t. mat* 
a0ss3 b<7)a^4ffi(4i^^ig*s[H]ss4^cojs$E^*iS4 

1 0)J£teA2>aSS (-) icftfllStu HS4ltl[slB4 0>U 

^iSliPWM-f ^iHlSS 1 a(^(DPWM1 2<DAJj 

[0 0 1 8] S 4 (DHSS^iS^ y % i3(D 

E»a)»ffta)ffljt^ii4JaT(Day pwivk > 

/<— 9EIB1 a (7) tii 2) HE Vout £ 0SS 2 CD 

«*MzA*£*U -f *@tt2(Dm*«EVs 
7. hra^^r^-b-CB^^LrSEVcbtfey^aigF 
LlcEP^D^^^o *M«F L*9lt*i«**9t I 
3KttttlDK3 blcA***t, »Ja3 1 IC^ y *EICR» 

y**— K3 2iz*y»sfcs*iT, =» ^^v-ti-s 

SlC^aELTSFT***!*. hVt'V^S 30>3taSEV 
3 liSfit3 4, 3 6fcJ:tfpH6«tn;3 5lzJ:y»E* 
#1, «St3 6<D»E«E*<tt*3l[*mill»3 bO)a*« 
EV, fctty, ^^lt*I[H]SS4(zA^^n^>c ffecOiDf^ 

[OO 1 9] B4CDcfc5IC&(|§ilf1J^J[HlB^«/$-r^C 
««SS I A<**<ttoT»«36<K<«:ofc»dlz 

3>fv^3 3(03tiiEV3 ti**<<ty. Sfix 

36fl)»Et**<4ot, tt«3!E*aial»3 b<DUJ* 

iev, t*^<>i€)o -rat. £!&ii*is§4 icoa^ 
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1EV 2 I4(£TU PWM 1 2 

EVpvwn OTVpwm = O (D&ffflffitfj&'J? L, .kot, h7 
>VX*1 1fflONfi-f-f (ON^bOFF (0 — ffl 

SEfill-HRSiiL, WJ£©»aW«lt»SF*l*Cil=«tft. * 

tf'nt>HpRi£ommtfmfti!*iz><> *tta*on 
^onrrtusja*,, ca>i§£, prists 3 5<D»*a<a^ 

/j^s<<cy»«i*«T-r6. 
[0020] Ei4i=fc(ts&fflia«n»ia»i*. easa'i 
s-si=fi>«fc5i=«ysPLrfcy. ©ass i *<-S0>i§ 

HH»**<teT-rfti>MB««FLl=A.a*ih.*« 
EVcbA<i«< teSfciN5«tt*)fr|!Wi«F Ll**f*fc 

to, -< ass 2 0) tu*«i±vs jb«**<#y» # 
teffieFLrossmbiias^bi^i-SfEjfeSai^rofiT 
©a-ttty, Ei2(7)(2is&i:JtKLr, saas<D3t<bi= 

cfc€>iBJt0>3t<bl±/J*$ < fe$o 
[0021] 

*«©»»awjft*r««i=fct^Ti*, JiiTo>iBHB**L 
tut. nimmwFLa>AtimtmzMi^ins. («t 

jS*THJ*&«E4:1*5) I*. *M£««jS*Tfc©jSiT«M*l= 
M&tE (JUT^iTltJ*mE<tt^5) l-tt^T&< , 

to, -f >/ <— $[h]S&2 ©ai^miEVs li«;ga#lzfcL>T 
t £CTM&*<i?fl6fcaE£l±-efc£&gft<&£. $ £ 

>/<— $E]S&1 2©tBAfEVs 14, A^X ha>f > 
•y-CBICcfeoTmiiVs - Vcbttfc' (fteT $ tiTftmm 
If LlcEpao£*iTl*So ctilcfcy, vs -Vcb#fc* 
i*£ftfcaE£i)D*.Ti^c£icfcy . ^-rofcto, 

:/XT<D«HI=»«EJB<Dlfc«»Siai+*ifc»*<±C. 

[0022] < mMh£.<r>&zmm?&t. a^x 

ha>^>-*CB(Z e }:.&i£a<*tt5fe7!)<?¥£L, 
T©W«E£««**J&Bfr&. «E«MMt2 3. 24 

Effl]#lt 2 9 ©#!&&*<*#< fc-5f=to, h7^Tfl) 

#y, *a>±, h^>xaj*gi3<t: h^>x 
t (7>jgfflro^msB^<7)Sifi^firo^i?i= j: -5 y — $ ass 

[OO 2 3] LfcA<oT, *3£B.J!0>±fc.g>§fl<)|4, Sia 



[0 O 2 4] 

[fSH£fi?3i-f -Sfctoro^fS] ±IHgM$iUS-r-i>f=to 

fc, A*aEOTll2!)fit££5££t!-££5g<b[aS&,i:, tQIB 
£S<b0t&<DUi:fcaE£jE5£jfci::£»-f >A— S»@ 
«&<!:, HE-f H»fl!>tlJ*«BEI= J: y 

mm«&. «HE*«ta*icaii-6asi[*a3i[*i=j6i:r 
aEi=**LT*tu-r**miattfc, frte^ajiHissicj: 
■3T*tb**i4«ujaEfc»*aEi:<©*aE*ii«r 

^^at^w^ai-fc^T, ame-oa— ^aroma 

[0025] *fc, tfjfEA2iaE0>ll3&fii£2e5Efc£-tt 
•siatti*, A^ronssaE^^ssi-^a-r-spwM'f 

[0026] £&ic*fc. B(riBA*aE©iiafi6^ss 

<b$-t*-*lHl8SI*, A*<Dl£3SaE$lS3KaElc36a-ri) 

a. 

[0 0 2 7] Ctll-J: y , /<7Xha>f>tSffflt 
< <c y , *B«*<Z>jjil*r£lt&-4-«0l::&K 
fe-f >A— * Bffi<om*aEI*1STL, h^>*ffM*<© 
/J*fifl:j&<*a**l*. *fc, /^Xh3>f^tJ:|i 

a*«*A<*< feofcfcto, h7>x0>waE£&<-t- 
#, «Eaaa&aEaaaM«>M*a4<a<tttK « 
E««ai*Ea«aa>**tt*<'J*S < <t y . <fe or h 

5 ^xfflBrosasprarojf m®&o>m9\z <* * y -*a 

3SA</J> $ < fe y « jfe*<*'> L , 3Xh(iS?W. 
[0 0 2 8] 

[S§B^O||Ji£0)^g§fc<i:t;$>)m] KIT, **M«>SI!fia) 

HI4E1 I=*fcfc3l=. PWMO/H@Sla, 

*Htt2. «*9KttUll§IK3 b. ^S]li"lgIslK4 

l*«*«tra-«ll«1?*«fc»H-»##L-l-«>IJWB* 

2 OTm^iist^Pia® f l «ittt lt fc y ntmrnwom 
*«BA<§a3saajtii»3 bi=A*$*tT^5>. c<D<fca 
ic«ja-r-5cti=«ty, sssroitffco^iE^ttJiiTto.fc 

[0029] -<>/<— s«iHiss2roai7]aEvs ttfia. 

*«««FLI=WilO**l. tii^aEVs li^^atFL 
8&2 0>tii2iaEVs 14 PWM ■S'lalSS 1 aC7)ai73 

asvout i-it^ij-r'Sfcto, pwm-t ■s'liss 1 a 
(aaiaaEvout ^Bjsursasit 1 *^<b$-t*-6wt 
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[0 0 3 0] ±K<D@tt«*lc-r5w£lcJ:y. £*T#I 

jSUTH»«flE* 5 0 O Vrms ttit, fiESEIi/^x h 

s 1*7 0 0-8 O O Vrms Mtfcofca)^ *HS6CD 
J&ffidfcl^TteVs 1*5 0 0 Vrms , "3*U, frfSffiS 
F LO>iia*Hl»«BEt*L< tt*. 
[oo3i] z^«b(7)c<t^t>, JSlTlc^-rcka&aa 

feJ:t/DXh^>^It^^o *fc. El 

^r^tKDfiijisiCcfey. /\'^ hnv^v-y-fzctsti*^ 
ttsii«it&XEfli«ita)tt*jctf»<tty. {ke<ih« 

»tlHBIHia)»ittS*(7>«»l=«»:« l J-^«a3b</JxS < 

^y. ^^tfiT-r^o 



[mi ] 





[0 0 3 2] fcfc\ «rlB5ftHta«jiSl«r3S«W(DPWM^ 
>/<— ^Hffil al*E!2(C7Ft* <fc*5fe. =i Is^rlyV 1 5 

«t:a-On 6 *an*.fc dc/ dc =i>/<— b t 

ix/jvwj^tu i" ?IBl»2Wlza3l*T* «fcy»W 

ttjEaaiz***- « z t *< sjm t u i> o 

[0 2] **M(Z)«-SI!fi(Z>»JBl=««SS^bigtt<Dfl&a) 
[S3] tt*a)}frii«*jAxriiBa)-ffi«» < rDiM H c? 
[04] ««0>}ftii«i«ja[«rMa)tt<offi«# > rDKii 

[ft«a>K9l] 

1 ££<b[E]S& 

1a PWM-f>/\-^[5]liS 
lb D C/D C=I ^ESS 

2 -r>/<— ^ihisb 

3 ttttglB 

4 gg£ifffi[n]j& 
D C lS3iES3S 

f l fti&a* 



[02] 
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